The epithelial-to-mesenchymal transition (EMT) is a crucial program for the invasion and metastasis of epithelial tumors that involves loss of cell --cell adhesion and increased cell mobility; however, mechanisms underlying this transition are not fully elucidated. Here, we propose a novel mechanism through which the nicotinamide adenine dinucleotide-dependent histone deacetylase SIRT1 regulates EMT in prostate cancer cells through cooperation with the EMT inducing transcription factor ZEB1. We found that forced expression of SIRT1 in non-transformed PZ-HPV-7 prostate epithelial cells disrupts the epithelial morphology concomitant with decreased expression of the epithelial marker, E-cadherin, and increased expression of mesenchymal markers. In contrast, silencing SIRT1 in metastatic prostate tumor cells restores cell --cell adhesion and induces a shift toward an epithelial morphology concomitant with increased expression of E-cadherin and decreased expression of mesenchymal markers. We also found that SIRT1 has a physiologically relevant role in endogenous EMT induced by EGF signaling in prostate cancer cells. We propose that the regulation of EMT by SIRT1 involves modulation of, and cooperation with, the EMT inducing transcription factor ZEB1. Specifically, we show that SIRT1 silencing reduces expression of ZEB1 and that SIRT1 is recruited to the E-cadherin proximal promoter by ZEB1 to deacetylate histone H3 and to reduce binding of RNA polymerase II, ultimately suppressing E-cadherin transcription. We thus identify a necessary role for ZEB1 in SIRT1-mediated EMT. Finally, we show that reduction of SIRT1 decreases prostate cancer cell migration in vitro and metastasis in vivo in immunodeficient mice, which is largely independent of any general effects of SIRT1 on prostate cancer growth and survival. We therefore identify SIRT1 as a positive regulator of EMT and metastatic growth of prostate cancer cells and our findings implicate overexpressed SIRT1 as a potential therapeutic target to reverse EMT and to prevent prostate cancer progression.
INTRODUCTION
The mortality of cancer, including prostate cancer, in many individuals is correlated with the progression of localized primary tumors to advanced stages which ultimately metastasize to multiple organs. 1, 2 The epithelial to mesenchymal transition (EMT) is considered an important step in metastasis, during which non-motile, polarized epithelial cells dissolve their cell --cell junctions and convert into individual, motile mesenchymal cells. 3 --5 Reduction or a loss of E-cadherin is a well-established hallmark of EMT, and E-cadherin downregulation is associated with a poor clinical prognosis of many cancers. 6, 7 Dissecting the molecular mechanisms that regulate EMT and E-cadherin expression has thus become pivotal for understanding tumor invasiveness and metastasis.
The family of EMT-inducing transcription factors, such as ZEB1, ZEB2, Snail, and Slug, have been identified as direct repressors of E-cadherin transcription and are among the most potent inducers of EMT in a variety of physiological and pathological contexts. 8, 9 EMT transcription factors repress E-cadherin transcription by binding to E-box sequences in the promoter region. 10, 11 Previous work has shown that elevated levels of EMT transcription factors are associated with tumor invasiveness in various cancer cells, including prostate cancer cells. 10 --12 SIRT1 is a nicotinamide adenine dinucleotide (NAD)-dependent histone deacetylase, which has been reported to have an important role in a variety of physiological processes such as stress responses, 13 metabolism, 14 apoptosis, 15 and calorie restriction and aging, 16, 17 owing to its ability to deacetylate both histone and non-histone substrates. SIRT1 regulates transcription of many genes through interactions with transcription factors. 18 --20 Upon recruitment to chromatin by transcription factors, SIRT1 deacetylates histones and suppresses gene transcription. 21 Despite the implications of SIRT1 in the transcriptional regulation of a variety of transcription factors and physiological processes, the role of SIRT1 in regulating cancer metastasis and EMT remains unknown.
In this study, we report, for the first time, a role for SIRT1 in EMT regulation and metastasis in prostate cancer cells. We show that SIRT1 overexpression induces EMT in epithelial prostate cells, and, conversely, that SIRT1 knockdown in prostate cancer cells restores cell --cell adhesion and reverses EMT. In addition, we show that SIRT1 regulates the expression of the epithelial markers E-cadherin and g-catenin, and the mesenchymal markers fibronectin and N-cadherin. Furthermore, we demonstrate a mechanism whereby SIRT1 regulates EMT through modulation of, and cooperation with, the EMT transcription factor ZEB1. We show not only that SIRT1 silencing reduces the expression of ZEB1, but also that SIRT1 is recruited by ZEB1 to the E-cadherin promoter to deacetylate histone H3 and to suppress E-cadherin transcription. Finally, we demonstrate that SIRT1 silencing reduces prostate cancer cell migration in vitro and metastasis in vivo in immunodeficient mice, which is largely independent of any general effects of SIRT1 on prostate cancer growth and survival. We thus identify SIRT1 as a novel positive regulator of EMT and metastasis in prostate cancer cells, and we identify a new transcriptional mechanism for regulating E-cadherin expression by the cooperation of SIRT1 with ZEB1.
RESULTS
SIRT1 represses the epithelial morphology of prostate cancer cells through its deacetylase activity Epithelial morphology is critical for maintaining epithelial cell integrity. To study the role of SIRT1 in regulating epithelial cell morphology, we ectopically expressed SIRT1 in the prostate epithelial cell line PZ-HPV-7, taking advantage of its low SIRT1 expression and epithelial morphology (Figures 1a and b) . The overexpression of SIRT1 in PZ-HPV-7 cells induced a loose cell contact and spindle-shaped morphology reminiscent of EMT, while cells transfected with an empty vector maintained the cobblestone-like morphology (Figure 1c ). This result indicates that SIRT1 levels have an important role in EMT morphology regulation. SIRT1 is a histone/protein deacetylase, and many studies show that SIRT1 is involved in the regulation of various processes through its deacetylase activity. 18 In order to understand whether SIRT1 deacetylase activity is required for this EMT morphology change, we transfected a catalytically inactive SIRT1 HY mutant into primary prostate PZ-HPV-7 cells. The results show that while overexpression of wild-type SIRT1 induces an EMT morphology (Figure 1c) , overexpression of SIRT1 HY mutant does not produce this effect (Figure 1d ). Deacetylase activity is thus required for the SIRT1-mediated EMT morphology change. In contrast to the normal prostate cell line PZ-HPV-7, advanced prostate cancer cell lines such as PC3 and DU145 have elevated SIRT1 expression (Figure 1a) , and the cells are spindle-shaped and exhibit reduced cell --cell contact (Figure 1b) . We sought to determine whether SIRT1 silencing in advanced prostate cancer cells could increase cell --cell adhesion and induce an epithelial morphology. The results show that SIRT1 knockdown resulted in a dramatic shift in the cell morphology from loose cell growth to a tighter cell --cell adherence characteristic of epithelial cells (Figure 1e ). In order to quantitatively measure the effect of SIRT1 knockdown on cell --cell adhesion, we performed a colonyscattering assay to determine the ability of cells to detach from colonies in culture. The SIRT1 knockdown or RNAi control cells were plated at a very low density and the morphology of colonies was analyzed 5 days after plating. Colonies were divided into three categories: compact, loose and scattered ( Figure 1f ). The results show that SIRT1 RNAi-infected cells formed ten times more compact colonies and three times fewer scattered colonies than control RNAi infected cells (Figure 1f ). Taken together, these results suggest that SIRT1 is an important regulator of EMT morphology and cell --cell adhesion in prostate cancer cells.
SIRT1 regulates epithelial and mesenchymal protein markers As loss of E-cadherin is a well-established hallmark of EMT, 5 we sought to determine whether E-cadherin expression is altered. 
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Interestingly, we found that SIRT1 and E-cadherin are inversely expressed at basal conditions in the normal prostate cell line PZ-HPV-7 and in the prostate cancer cell lines DU145 and PC3 ( Figure 1g ). To further investigate the possible regulation of E-cadherin expression by SIRT1, we ectopically expressed SIRT1 in PZ-HPV-7 cells and found that SIRT1 overexpression suppresses E-cadherin protein level (Figure 1h) . A similar reciprocal relationship was observed with SIRT1 silencing in prostate cancer cells, which increased E-cadherin expression (Figure 1i ). Given that reduced E-cadherin is necessary for EMT and that SIRT1 regulates E-cadherin expression, we sought to determine whether SIRT1 could also regulate the expression of mesenchymal markers, which are also important for EMT. We found that SIRT1 overexpression increased expression of the mesenchymal proteins N-cadherin and fibronectin, while SIRT1 knockdown reduced it (Figures 1h and i) . Furthermore, we performed immunofluorescence to examine the localization and expression of a set of key EMT markers. The immunoflorescence results show that SIRT1 knockdown greatly increased the membrane localization and expression of the epithelial marker E-cadherin, while it decreased the membrane localization and expression of the mesenchymal marker fibronectin (Figure 1j ). In addition, SIRT1 knockdown increased the expression of epithelial marker g-catenin and decreased the expression of N-cadherin ( Figure 1j ), but had no effects on b-catenin and vimentin, with respect to expression and localization (data not shown). These results demonstrate that SIRT1 has a role in epithelial and mesenchymal marker expression and that E-cadherin, g-catenin, fibronectin, and N-cadherin are major targets of SIRT1 during the regulation of EMT in prostate cancer cells.
Endogenous EMT upregulates SIRT1 expression Finding that ecotopic expression of SIRT1 induces EMT in epithelial prostate cells while knockdown of SIRT1 reverses EMT in metastatic prostate cancer cells, we sought to determine whether SIRT1 is involved in endogenously induced EMT. Previous studies show that a variety of signal transduction pathways can induce EMT including EGF, FGF, IGF and TGFb. 22 We therefore treated PZ-HPV-7 epithelial prostate cells with various growth factors to identify which signal transduction pathways could induce EMT in this cell line. Our results show that EGF dramatically induced EMT morphology of PZ-HPV-7 cells (Figure 2a ) while downregulating the expression of the epithelial marker E-cadherin and upregulating the expression of mesenchymal marker fibronectin ( Figure 2b ). Most importantly, in this manipulated model of EMT by the EGF signaling pathway, immunoblot analysis shows that SIRT1 is greatly upregulated (Figure 2b ). This result reveals a physiologically relevant role of SIRT1 in endogenously induced EMT.
SIRT1 represses the activity of the E-cadherin proximal promoter in an E-box-dependent mechanism Transcriptional repression of E-cadherin by a family of zinc-finger transcription factors, via interactions with specific E-boxes in the SIRT1 induces epithelial-to-mesenchymal transition V Byles et al proximal E-cadherin promoter, 8 is thought to be the most important mechanism of E-cadherin downregulation. 23 To elucidate the mechanism of SIRT1-mediated E-cadherin repression during EMT, we first performed quantitative RT --PCR analysis of E-cadherin mRNA in SIRT1-knockdown and SIRT1-proficient prostate cancer cells. The results show that the number of E-cadherin transcripts was increased significantly, B50-fold and 10-fold in SIRT1 knockdown cells over the SIRT1-proficient DU145 and PC3 cells, respectively (Figures 3a and b) . To further investigate SIRT1 transcriptional regulation of E-cadherin, we used a luciferease assay whereby we transfected an E-cadherin --luciferase-reporter construct in SIRT1-knockdown and control RNAi prostate cancer cells. The results show that E-cadherin luciferase activity was increased in the SIRT1-knockdown cells relative to the control RNAi prostate cancer cells (Figure 3c ). These results demonstrate that SIRT1 transcriptionally regulates E-cadherin expression in prostate cancer cells.
As mentioned previously, a family of zinc-finger transcription factors is implicated in E-box-dependent transcriptional repression of E-cadherin in EMT. 8, 24 We sought to determine whether SIRT1 transcriptional repression of E-cadherin also occurs in an E-boxdependent manner by co-transfecting SIRT1 with E-box wt 25 or E-box mutated E-cadherin --luciferase reporters 26 in prostate cancer cells. Our results show that while SIRT1 inhibits the E-box wt E-cadherin promoter, SIRT1 has a reduced effect on the mutant E-box E-cadherin promoter (Figure 3d ). SIRT1 repression of E-cadherin transcription in an E-box-dependent manner indicates that SIRT1 may act in conjunction with other zinc finger transcription factors.
Previous reports demonstrate that the aberrant expression of EMT transcription factors contributes to the onset of an invasive phenotype by suppressing E-cadherin and inducing EMT in a wide variety of human cancers. 8, 24 In order to determine whether SIRT1 transcriptional repression of E-cadherin in EMT may occur siRNA upregulates E-cadherin luciferase reporter activity. SIRT1 siRNA (siSIRT1) or control siRNA (siVector) DU145 cells were co-transfected with the E-cadherin-LUC reporter vector (pGL2Basic-EcadK1) and b-gal constructs, using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) for 48 h before measuring luciferase activity (Promega Luciferase Assay System, #E1500). Cells were harvested after 48 h and lysates were assayed for luciferase activity. (d) SIRT1 suppresses E-cadherin transcription in an E-box-dependent mechanism. DU145 cells were co-transfected with SIRT1 expression vector (pcDNA3.1-SIRT1) or vector control (pcDNA3.1) together with the E-box wild-type (pGL2Basic-EcadK1) or E-box mutant (pGL2Basic-EcadK1-Ebox2MUT) E-cadherin-LUC reporter. Cells were harvested after 48 h and lysates were assayed for luciferase activity. In experiments c & d, the relative luciferase activities are expressed in arbitrary units, and were normalized to co-transfected b-gal activity to control for transfection efficiency. Each experiment was performed in triplicates and repeated a minimum of three times. The error bars represent the s.e.m. Asterisks indicate significant differences between two groups (*Po0.05).
through the regulation of these EMT transcription factors, we performed qRT --PCR to determine whether changes in SIRT1 levels would affect the expression of these transcription factors. Our results show that SIRT1 silencing by RNAi reduces the expression of ZEB1, ZEB2, Snail and Slug in DU145 and PC3 cells (Figure 4 ) but has no effect on Twist and E47 (data not shown). On the basis of these results, we propose that the EMT-inducing transcription factors ZEB1, ZEB2, Snail and Slug may have a role in SIRT1-mediated E-cadherin transcriptional repression during EMT. SIRT1 is recruited to the E-cadherin promoter by ZEB1 Finding that SIRT1 regulates E-cadherin transcription in an E-boxdependent manner and that the SIRT1 expression level parallels that of EMT transcription factors, we sought to determine whether SIRT1 and these EMT transcription factors have a cooperative effect at the E-cadherin promoter. We first performed a co-immunoprecipitation experiment to observe the interaction of SIRT1 with EMT transcription factors. Our results show that SIRT1 was able to complex with ZEB1 (Figure 5a ) but not Snail, Slug or ZEB2 (data not shown), which may indicate the formation of a complex of SIRT1 with ZEB1 at the E-cadherin promoter to influence transcription. We thus performed a chromatin immunoprecipitation (ChIP) assay to determine whether SIRT1 and ZEB1 could be co-binding in the E-box region of the E-cadherin promoter. 27 The results show that both SIRT1 and ZEB1 bind in the same DNA fragment of the E-cadherin promoter (Figure 5b) . Next, we wanted to determine whether SIRT1 occupancy at the E-cadherin promoter requires ZEB1. We transfected DU145 cells with or without ZEB1 RNAi and performed a ChIP assay using anti-SIRT1 and anti-ZEB1 antibodies. We found that knockdown of ZEB1 not only decreased binding of ZEB1 to E-cadherin promoter, as expected, but also inhibited binding of SIRT1 (Figure 5c ). Because of the well-established mechanism of SIRT1 transcriptional regulation via HDAC activity, we wanted to determine whether SIRT1 transcriptional repression at the E-cadherin promoter involved histone deactylation. We performed a parallel ChIP assay examining acetylated H3K9, a target of SIRT1, and RNA Polymerase (Pol II), a marker of active transcription in response to ZEB1 and SIRT1 binding to the promoter. We found that acetylated H3K9 and Pol II levels were inversely related to the occupancy of SIRT1 and ZEB1 (Figure 5c ), and that the knockdown of ZEB1 increased E-cadherin expression in prostate cancer cells (Figure 5c ). Our results demonstrate a cooperation between SIRT1 and ZEB1 at the E-cadherin promoter that leads to the deacetylation of histone H3 and reduced binding of Pol II, thereby suppressing E-cadherin transcription.
To further characterize the interaction between SIRT1 and ZEB1, we performed an experiment to test whether knocking down ZEB1 could prevent SIRT1-induced EMT in PZ-HPV-7 cells, and we found that ZEB1 knockdown results in a reversal of EMT morphology induced by SIRT1 overexpression (Figure 5d) . Conversely, we transfected a ZEB1 expression vector into DU145 cells to determine whether ZEB1 overexpression could reverse the epithelial morphology induced by SIRT1 knockdown. The result shows that overexpression of ZEB1 greatly inhibited the reversal of EMT morphology due to SIRT1 knockdown (Figure 5e ). Taken together, these results reveal a key biological role of ZEB1 in SIRT1-mediated EMT.
SIRT1 silencing or inhibition reduces prostate cancer cell migration in vitro and in vivo
In order to study the role of SIRT1 in prostate cancer cell migration and metastasis, we first examined the effect of SIRT1 silencing on cell migration using polycarbonate membrane inserts coated with Collagen I assay system. When SIRT1 was silenced, there was a marked attenuation of prostate cancer cell migration of both PC3 cells and DU145 cells (Figure 6a) . Similarly, when prostate cancer cells were treated with the pharmacological SIRT1 inhibitor, Sirtinol, the treated cells exhibited decreased migration as compared with the control PC3 and DU145 cells (Figure 6b ). These findings demonstrate that SIRT1 reduction or pharmacological inhibition can significantly reduce prostate cancer cell migration in vitro.
To extend these studies to an animal model, we studied the metastasis of PC3 human prostate cancer cells in immunodeficient nude mice by comparing the metastatic ability of SIRT1 siRNA and control siRNA-treated PC3 cells. In this in vivo study, PC3 tumor cells expressing the TomatoRed fluorescence reporter gene were injected into immunodeficient mice through the tail vein (Figure 6c ). Fluorescence-based noninvasive imaging was used to monitor the metastasis of PC3 cells. The results show that SIRT1 knockdown led to a dramatic reduction of lung metastasis compared with control siRNA cells (Figures 6d and e) . The quantification of fluorescent photons shows there is an attenuation of fluorescent signal at day 7 for both SIRT1 siRNA-and control siRNA-PC3 cells compared with day 1 (Figure 6e ), indicating that cells that failed to metastasize were not able to survive. Progressively increasing signals were detected in mice with control siRNA-rather than SIRT1 siRNA-tumor cells from days 7 to 21, indicating that control siRNA-cells had succeeded in metastasizing and proliferating whereas the SIRT1 siRNAi-cells that failed to metastasize died (Figure 6e ). This data suggests that the reduction of SIRT1 expression inhibits prostate cancer metastasis in this tail vein mouse model of metastasis.
Some studies suggest that the tail vein injection model can detect both the cell metastasis through the vessel wall (extravasation) and the ability of cells to grow and survive in the lung. 28 In order to separate the effects of SIRT1 silencing on metastatic potential from the effects on general growth and survival of cells in the tail vein model, we examined the effect of SIRT1 knockdown on prostate cancer cell growth in vitro and in vivo in an immunodeficient mouse model (Figure 7a ). Furthermore, we injected PC3 cells into nude mice subcutaneously to study the effects of SIRT1 knockdown on tumor formation and growth. We found there was no significant difference in tumor formation or tumor growth between SIRT1 wildtype and SIRT1 knockdown PC3 cells (Figure 7b ). These results demonstrate that SIRT1-mediated migration and invasion (extravasation), rather than general effects of SIRT1 on growth and survival, have a role in suppression of metastasis in SIRT1 knockdown prostate cancer cells in the tail vein mouse model.
DISCUSSION
SIRT1 is a class III histone deacetylase capable of deacetylating both histone and non-histone substrates. 18, 29 Although SIRT1 has been shown to have multiple functions, a role of SIRT1 in EMT and metastasis remains unclear. In this study, we show for the first time that SIRT1 is a critical positive regulator of EMT and cell migration in vitro and in tumor metastasis in vivo in immunodeficient mice. We show that SIRT1 deacetylase activity is required for the regulation of EMT, and we propose a molecular mechanism whereby SIRT1 regulates cell migration by modulation of and cooperation with the EMT-inducing transcription factor ZEB1 to suppress E-cadherin expression. We also demonstrate a critical role for ZEB1 in SIRT1-mediated EMT. We examined the effects of SIRT1 knockdown on tumor growth in a subcutaneous xenograft model, and also analyzed cell extravasation through the vessel wall and metastatic growth in the lung by using a tail vein mouse model. However, it should be noted that the intravenous injection bypassed several initial steps of metastasis. Our results show that SIRT1 silencing reduces prostate cancer cell migration and metastasis, which is largely independent of any general effects of SIRT1 on prostate cancer growth and survival. Given that EMT represents the critical event in the transition from early to invasive carcinomas 2, 30 and that E-cadherin downregulation is associated with poor prognosis and lower survival in prostate cancer, 6, 7, 31 our finding that SIRT1 is involved in the regulation of prostate cancer progression and metastasis is clinically relevant. Recently, SIRT1 has been shown to increase angiogenesis 32 and to deacetylate cortactin to regulate cell migration. 33 In addition, SIRT1 has been shown to be an important target of miR-200 in regulating breast cancer cell migration. 34, 35 Moreover, high levels of SIRT1 are found in various cancers, including prostate cancer, 36, 37 and high SIRT1 expression levels are associated with poor prognosis in gastric carcinomas, B-cell lymphoma, breast cancer and lung cancer. 38 --41 Our data builds upon these other studies as we further elucidate SIRT1 as a critical regulator of cancer progression, and an important target for cancer treatment.
The molecular mechanism by which SIRT1 regulates prostate cancer cell EMT and migration involves the suppression of E-cadherin expression via its regulation of, and cooperation with, the EMT transcription factor ZEB1. We propose that the EMTinducing transcription factor ZEB1 is required for SIRT1 recruitment to the E-cadherin promoter, and this recruitment leads to the deacetylation of histone H3, reduced Pol II binding, and ultimately the suppression of E-cadherin transcription. Our results provide a strong indication that SIRT1 functions as a corepressor with ZEB1 to suppress E-cadherin transcription. In addition, our finding of SIRT1-occupancy-dependent changes on the acetylation of histone H3K9, a known target of SIRT1, at the E-cadherin promoter strongly suggests H3 as a direct target of SIRT1. We also propose that SIRT1 may cooperate with ZEB1 to regulate mesenchymal protein expression, as fibronectin and N-cadherin are thought to be important targets of ZEB1 in prostate cancer cells. 12 Taken together, our findings elucidate a cooperative role of SIRT1 and ZEB1 in the suppression of E-cadherin transcription and in the upregulation of mesenchymal markers during EMT in prostate cancer.
In addition to ZEB1, other members of this zinc finger transcription factor family including Snail, Slug and ZEB2 have been identified as direct repressors of E-cadherin transcription and central mediators of EMT. 8, 24 In our study, we could not detect a physical interaction between SIRT1 and ZEB2, Snail, or Slug in co-IP experiments, despite showing a strong interaction with ZEB1. This result suggests that SIRT1 and ZEB1 interact specifically, but we cannot not exclude the possibility that SIRT1 interacts with these other EMT transcription factors in a cell type-or cell-contextdependent manner; for example, ZEB1 and ZEB2 belong to the same family and can both bind to the E-cadherin promoter, but they also can function individually in a cell-type and tissue-specific manner.
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SIRT1 appears to regulate E-cadherin expression and EMT through direct cooperation with ZEB1 at the E-cadherin promoter, but our data also demonstrated that SIRT1 knockdown downregulates expression of other EMT transcription factors including ZEB1, ZEB2, Snail and Slug (Figure 4) . In order to determine whether these EMT transcription factors have any causal role in SIRT1-mediated EMT, we overexpressed ZEB1, ZEB2, Snail and Slug individually in SIRT1-knockdown DU145 cells to determine whether their expression could reverse the epithelial morphology induced by SIRT1 knockdown. Our results show that, in addition to ZEB1 (Figures 5d and e) , Snail overexpression can also partially reverse SIRT1 knockdown-mediated epithelial morphology (data not shown), suggesting a functional consequence of SIRT1 regulation of Snail expression. However, we did not detect any effects of ZEB2 or Slug reconstitution on the morphology of the cells (data not shown). Nonetheless, we still cannot completely exclude ZEB2 or Slug from having a role in SIRT1-mediated EMT, under specific culture conditions and cell contexts not studied here, given that the expression levels of ZEB2 and Slug are consistently downregulated by SIRT1 silencing. The mechanism of how SIRT1 might regulate the expression of these EMT-inducing transcription factors warrants further investigation. Overall, our study demonstrates that SIRT1 is a positive regulator of EMT and prostate tumor metastasis, specifically through transcriptional repression of E-cadherin via cooperation with ZEB1. SIRT1 is thus an attractive therapeutic target for reversing EMT and tumor metastasis, both key events in prostate cancer progression that lead to mortality.
MATERIALS AND METHODS
Cells, plasmids and antibodies PC3 and DU145 prostate cancer cell lines were maintained in 1 Â DMEM plus 10% FBS. PZ-HPV-7 cells were maintained in keratinocyte serum-free medium (K-SFM) with required supplements (Invitrogen, Grand Island, NY, USA, 17005 --042). All cells were obtained from the American Type Culture Collection (Manassas, Virginia).
The human SIRT1 expression vector pcDNA3.1-SIRT1, SIRT1 H363Y and the SIRT1 RNAi vectors (pSUPER.retro.puro-SIRT1 and pSUPER.retro.neo-SIRT1) were generated or acquired as previously described. 43 The reporter plasmids E-cadherin-LUC (pGL2Basic-EcadK1) or E-cadherin-LUC with E-box mutants (pGL2Basic-EcadK1-Ebox2MUT), and Snail and Slug expression constructs (pBabepuroSnail and pPGS-hSLUG.fl.flag) were purchased from Addgene (Cambridge, MA, USA). The pcDNA3.1-Neo-ZEB1 plasmid was generated by subcloning a Sal I (blunted)/XbaI fragment from pTRE-6Myc-ATGhZEB1 (ref. [44] ) into the HindIII/xba1-cut pcDNA3.1 vector.
SIRT1 antibody (07 --131) and acetyl-histone H3 (06 --599) were purchased from Millipore (Billerica, MA, USA). E-cadherin (K20), Pol II (H224) and N-cadherin (H63) antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Fibronectin (F3648) and b-actin (A-1978) were purchased from Sigma Aldrich (St Louis, MO, USA). Ecadherin (24E10), g-catenin (2309) and ZEB1 (D80D3) antibodies were purchased from Cell Signaling Technology (Danvers, MA, USA).
Immunofluorescence assay Cells (10 3 --10 4 ) were seeded in a Chamber Slide and incubated for 24 h. Cells were fixed with 4% paraformaldehyde, treated with 0.1% Sodium Citrate þ 0.1% Triton-X 100 and with Image-iT FX Signal Enhancer (Invitrogen). Cells were blocked with 3% BSA, treated with primary antibodies, then incubated with Alexa Fluor secondary antibodies (Invitrogen) and stained with DAPI.
Real-time RT --PCR
The method was used as previously described. 45 The primers used were: E-cadherin forward: 5 0 -TGCTGCAGGT-CTCCTCTTGG-3 0 ; E-cadherin reverse: Cell colony scattering assay
This protocol was adapted from Shtutman et al. 46 Briefly, cells were plated in 10 cm plates and allowed to form small colonies for 5 days. Cells were categorized by observing whether colonies maintained compact (490% of cells in the colony have cell --cell contact), loose (50 --90% cell contact), or scattered (o50% cell contact) contact with neighboring cells. Each experiment was performed in triplicate and repeated three times.
Cell migration assay
The cell migration assay was performed using the CytoSelect Haptotaxis Assay (Cell Biolabs, Inc, San Diego, CA, USA), according to the manufacturer's instructions. PC3 or DU145 cells were resuspended at 5 Â 10 5 /ml, and 1 Â 10 5 cells were loaded into chamber inserts. Cells were incubated at 37 1C for 24 h, after which the migrated cells in the inserts were washed, stained and extracted. A sample of 150 ml was transferred to a 96-well plate and the migrated cell density was acquired at optical density 560 nm. Each experiment was performed in triplicate and repeated three times.
Chromatin immunoprecipitation
ChIP assays were performed as previously described, 45 with modifications. Briefly, 2 Â 10 7 cells were cross-linked and lysed, followed by sonication (Fisher Scientific Sonic Dismembrator, Pittsburgh, PA, USA, Model 550). The immunoprecipitation was performed for overnight at 4 1C with specific antibodies, or irrelevant control antibody. The protein A/G-Sepharose was added for two hours at 4 1C for immunoprecipitation. For PCR, a 2-ml aliquot of the total 50 ml of extracted DNA was amplified in 21 --25 PCR cycles for gel analysis. Primers for PCR analysis for ChIP of a proximal fragment of the human E-cadherin promoter (À86 to þ 60) that contain ZEB1 binding sites were: 5 0 -GGCCGGCAGGTGAAC-3 0 (forward) and 5 0 -GGGCTGGAGTCTGAACTGAC-3 0 (reverse). 11, 47 Triplicate PCR reactions for each sample were preformed and each ChIP assay was performed in at least three independent experiments.
In vivo experiments
The mouse work was performed in the Animal Core Facilities of the Boston University School of Medicine after approval by the Institutional Animal Care and Use Committee (IACUC).
